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PREFACE

The Nineteenth DoD Tri-Service Review Conference on
Atmospheric Transmission Models was held at the Geophysics
Directorate of the USAF Phillips Laborarory at Hanscom AFB,

Massachusetts on 4-6 June 1996.

A total of 57 papers and posters was given by and to
an international audience of participants; Topics addressed
included advances in codes such as PLEXUS, FASCOD, MODTRAN,
MOSART, SHARC, etc.,including the applications of codes to
various atmospheric problems éuch as radiative transfer,
structure, and chemical reactions. Laser and lidar techniques
were givén their own session as were clouds and aerosols.
Spectroscopic additions and corrections to data bases were
dealt with in the HITRAN sessions.

This volume contains the abstracts of the papers,
grouped together at the front, in the order of
presentation, and texts and hardcopy provided by‘
the authors. An Author Index‘is also given. _

The Editors thank the authors and audience for

making the meeting such a success by their attendance and

participation.

GAil P. Anderson
Backgrouwd Clutter Mitigation Branch
Optical Effects Division

ix
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SPECTROSCOPIC DEVELOPMENT FOR THE ANALYSIS OF
MEASUREMENTS FROM THE -
GLOBAL OZONE MONITORING EXPERIMENT

Kelly Chance

Harvard-Smithsonian Center for Astrophysics
60 Garden Street
Cambridge, MA

The European Space Agency’s Global Ozone Monitoring Experiment
(GOME) was launched on the European Remote Sensing 2 satellite on April
20, 1995. It has currently operated for more than one year, obtaining nadir
atmospheric spectra from 240-790 nm. The spectral resolution is 0.2 nm in
the ultraviolet and 0.4 nm in the visible. The objectives of the GOME
project include enhanced mapping of ozone, with emphasis on the global
distribution of tropospheric ozone. This talk presents results of GOME
measurements and details of several of the developments in quantitative
molecular spectroscopy and radiative transfer that support the analysis of
the spectra.

The major spectroscopic feature that permits tropospheric 0; to be
distinguished from stratospheric 0; in nadir viewing is the nonlinear,
structured temperature dependence of absorption in the ultraviolet Huggins
bands. Details of the Huggins band absorption as they affect retrieval of
height-resolved 0; determinations are presented. Accurate analysis of
GOME spectra to retrieve concentrations of 0; and other atmospheric
species must account for the inelastic scattering of light from the
Fraunhoffer irradiance spectrum, including corrections for atmospheric
absorptions (the “’Ring effect’’). An improved characterization and
parameterization of the microscopic molecular physics for Ring effect
scattering due to the rotational Raman effect is presented. GOME uses the
visible 0,A band for cloud correction in the 0 retrieval process. The
determination of an improved molecular spectroscopic database for 0,A
band absorption is presented and correction for pressure- and temperature-
dependent formation of the 0,-0, collisional complex is discussed

SESSION 1: 9:15
1
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ESTIMATION OF BIOMASS FIRE TEMPERATURE AND AREAL
EXTENT FROM INVERSION OF A MODTRAN-BASED MODEL
AND CALIBRATED AVIRIS SPECTRA

Robert O. Green, Thomas G. Chrien

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91109
and
University California
Santa Barbara, CA 93106

Biomass burning is an important process on the Earth at the local,
regional and global scale. To investigate issue related to biomass during, a
range of remotely acquired data were measured as part of the NASA Smoke
Cloud Aerosol and Radiation experiment in Brazil, 1995. As part of this
experiment, images of calibrated spectral radiance from 400 to 2500 nm at
10 nm intervals were acquired by AVIRIS.

To investigate the expression of biomass fires in AVIRIS spectra, a
MODTRAN-based model of the upwelling radiance from a burning fire was
developed. This spectral model accounts for four components in the 20 by
20 m AVIRIS spatial resolution element. These are: (1) the atmospheric
path radiance, (2) the solar reflected radiance from unburnt vegetation and
soil, (3) the apparent temperature and area of a primary fire, and (4) the
apparent temperature and area of a secondary fire. A nonlinear least squares
spectral fitting algorithms was developed to invert this model for the
AVIRIS spectra. The derived biomass burning parameters from this
algorithm are presented for AVIRIS spectral images acquired over Cuiaba,
Brazil on the 25th of August 1995.

SESSION 1: 9:45
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CALCULATION OF COOLING RATES FOR ASHOE USING
| MODTRAN3

S.C. Lee, HE Revercomb, R.O. Knuteson, W.L. Smith

University of Wisconsin-Madison CIMSS
1225 W. Dayton Street
Madison, WI 53706

During the Airborne Southern Hemisphere Ozone Experiment
(ASHOE), the High-resolution Interferometer Sounder (HIS) measured
upwelling spectral radiances from the NASA ER2 flying at 20km. The
retrieved temperature and water vapor profiles and a Sub-Arctic Winter
model ozone profile have been used in MODTRAN3 to calculate
atmospheric fluxes and derive cooling rates. The cooling rates are of
interest for their impact on the dynamics of trace gas transport from the
poles to lower latitudes. Cooling rates have been calculated for April 13,
August 8, August 10, and October 3, 1994. Calculated cooling rates for
October 3 using HIS retrieved profiles compare well with results from
Clough’s Rapid Radiative Transfer Model. Differences between HIS

-~ derived cooling rates and those calculated using temperature and water

vapor profiles from the NCEP, ECMWF, GASP, and UKMO forecast
models will be discussed. Sensitivity studies of the cooling rate to the
upper level water vapor profile are described.

SESSION 1:10:20
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COMPARISON OF MEASURED AND CALCULATED
TROPICAL ATMOSPHERIC EMISSION

Yong Han, Joseph A. Shaw, James H. Churnside

NOAA Environmental Technology Lab.
325 Broadway
Boulder, CO 80303

and

Shepard A. Clough
AER. Inc.
840 Memorial Drive
Cambridge, MA 02139

The water vapor continuum model used in the current Air Force

SESSION 1: 10:40

transmission codes includes a correction based on Infrared spectral
radiances measured in Papua New Guinea with an FTIR spectroradiometer.
Because that data set included only a small number of clear-sky
measurements under questionably clear conditions, further model validation
is necessary. New measurements from an FTIR deployed on the NOAA
Research Vessel Discoverer in the tropical Pacific provide that opportunity.
These measurements agree more closely with the codes having the modified
continuum than they do with the old codes.
modified continuum model is significantly improved, but still requires
modification.

This demonstrates that the
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EXTRACTION OF SURFACE CHARACTERISTICS FROM
LANDSAT TM IMAGERY USING LOWTRAN-7 RADIATION CODE

Kwang-Sun Ryu

Department of Physics
Korea Advanced Institute of Science and Technology
373-1 Yousung Gu
Gusung Dong 400
Taejon, South Korea

Tae-Yong Kwon

Division of Global Environment Information
Systems Engineering Research Institute
P.O.Box 1
Yousung Gu 305-600
Taejon, South Korea

Consideration of the atmospheric propagation of electromagnetic
waves is essential in extracting the surface characteristics from satellite-
sensed data. The optical properties of the atmosphere can be represented by
the transmittance and the path radiance. These radiative variables, which
are usually obtained from surface radiation measurements and satellite
imagery itself, have been used for estimating the physical quantities of the
surface from satellite radiance. In recent, attempts are being made to correct -
the atmospheric effects using detailed radiative transfer calculations. This
study presents a method to estimate the surface albedo and temperature
from Landsat TM imagery using the Lowtran-7 radiation model. Among
the atmospheric profile data necessary for running the radiation model,
temperature, pressure, water vapor amount and ozone concentration are
taken from measurements of radiosonde and Dobson spectrometer within
the study area, and the concentrations of the other minor gases are from the
U.S. Standard Atmosphere. The Landsat TM radiance was simulated with
varying the value of input parameters (surface reflectance and surface

5
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temperature) in Lowtran-7. It was shown that there is a strong linearity
between the simulated radiance and the value of input parameters. This
linear relationship was applies to calculating the surface reflectance and
temperature from the radiance measured by Landsat TM sensor instead of
using the radiative variables (transmittance and path radiance). Compared
with iterating the radiation code to simulate the radiance of each pixel in the
image, this method can save much of computing time and efforts. The
preliminary results of this method, surface albedo, was compared with those
obtained from the conventional methods and with those from the direct
measurements by Kotoda (1986). This study was performed as a
preliminary study for applying the radiation code to extracting surface
characteristics from remotely-sensed imagery. The further validation of
these algorithms should be made by preparing the more detailed
atmospheric profile data and comparing with the ground truth
measurements in the future.

SESSION 1: 11:00
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RADIATIVE TRANSFER SIMULATIONS FOR DEVELOPMENT OF
EOS MODIS LAND-SURFACE TEMPERATURE
ALGORITHMS AND PRODUCTS

Zhengming Wan

ICESS
University of California
Santa Barbara, CA 93106-3060

Based on atmospheric radiative transfer simulations we have
developed EOS/MODIS land-surface temperature (LST) algorithms. The
molecular band absorption database in the MODTRAN code has been used
to build up exponential-sum fitting tables. These tables then are
incorporated into an adding/doubling method based multiscattering
radiative transfer model for computational efficient simulations in a series
of surface temperature and emissivity conditions. A new day/night LST
algorithm ‘retrieves simultaneously surface band-averaged emissivities and
temperature from day/night data in 7 MODIS TIR bands. These LST
algorithms are being validated by in-situ measurements, satellite and aircraft
data. The uncertainty in water vapor continuum absorption is of much
concern

SESSION 1: 11:20
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IMPLICATIONS FOR ATMOSPHERIC STATE SPECIFICATION
FROM THE ANALYSIS OF A QUALITY MEASUREMENT
EXPERIMENT AS PART OF THE ATMOSPHERIC RADIATION
MEASUREMENT PROGRAM

P.D. Brown, S.A. Clough

Atmospheric and Environmental Research, Inc.
840 Memorial Drive
Cambridge, MA 02139

J.C. Liljegren, T.R. Shippert, D.D. Turner

Pacific Northwest Laboratory
Battelle Boulevard
P.O. Box 989
Richland, WA 99352

A Quality Measurement Experiment (QME), which analyzes the
spectral residuals between the downwelling longwave radiance measured by
the University of Wisconsin Atmospheric Emitted Radiance Interferometer
(AERI) and spectral radiance calculated by the Line By Line Radiative
Transfer Model (LBLRTM), is ongoing as part of the DoE Atmospheric
Radiation Measurement Program (ARM). This experiment is used to assess
three critical components: the quality of AERI measurements, the accuracy
of LBLRTM calculations, and the ability to define the radiating atmospheric
column. Clear sky analyses over the period of April, 1994 through the
present have elucidated the challenges in specifying atmospheric state,
particularly with respect to water vapor. Comparison between the line by
line model and measurements from both the prototype AERI00 as well as
the current operational AERIO1 show negative residuals in the transparent
regions between lines, suggesting limitations in the current ability to
characterize water vapor in the atmospheric column. Disagreement among
radiosonde, Surface Meteorological Observation Stations (SMOS) and
Microwave Radiometer (MWR) measurements also indicate uncertainties in
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the definition of the atmospheric state. Further water vapor information
regarding line intensities, the water vapor continuum, and abundances are
obtained in the study of single water vapor lines in the microwave region.
The results of a new QME comparing the MWR measurement of brightness
temperature at 23.8 Ghz and 31.4 Ghz with line by line calculations using
LBLRTM are also shown.

SESSION 1: 11:40
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OBSERVATIONS OF POLAR STRATOSPHERE
CLOUDS WITH POAMII

M.D. Fromm
Computational Physics Inc.

2750 Prosperity Avenue
Fairfax, VA 22031

E.P. Shettle, J.S. Hornstein, J.D. Lumpel, R.M. Bevilacqua, K.W. Hoppel

Remote Sensing Division
Code 7227
NRL
Washington, DC 20375-5351

S. Massie
NCAR
Boulder, CO 80307

Observations of Polar Stratospheric Clouds (PSCs) with Polar Ozone
and Aerosol Measurement (POAM II) solar occultation instrument will be
described. POAM II has been measuring the vertical distribution of
aerosols, clouds, ozone, as well as several other atmospheric species since
October 1993. The cloud detection algorithm used to identify PSCs from
the POAM II measurements will be described along with a presentation of
some of the first two years of measurements, focusing on results from the
southern hemisphere. The frequency of PSC occurrence builds up during
the Antarctic winter reaching a peak of about 3/4 of all POAM II
measurements during September include a PSC. There is a strong
longitudinal variation in the cloud frequency, with a broad minimum
centered near the international dateline (180°) and a broad maximum
centered about (320°) W, where the PSC frequency is about twice that near
the minimum.

SESSION 1: 12:00
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FASCODE FOR THE ENVIRONMENT (FASE)
H.E. Snell

Atmospheric and Environmental Research, Inc.
840 Memorial Dr.
Cambridge, MA 02139

G.P. Anderson, J.H. Chetwynd, S. Miller

Geophysics Directorate
Phillips Laboratory
Hanscom AFB, MA 01731-3010

The Optical Physics Division of the Phillips Laboratory with support
from the DoE Atmospheric Radiation Measurement (ARM) Program is
developing a state-of-the-art line-by-line atmospheric radiative transfer
model as the successor to FASCODE. The goal of this project is to create a
computationally efficient model which contains the most up-to-date
physics. The new model, known as FASCODE for the Environment, or
“FASE”, combines the best features of FASCODE and LBLRTM, the
DoE’s standard radiative transfer model. Upgrades to FASE include
improvement of the cloud and aerosol descriptors, based on changes made
to MODTRAN, and the capability of incorporating the new heavy molecule
absorption cross-section data found on HITRAN96, which is of slightly
different format from the previous HITRAN cross-section data. This paper
addresses changes which have been made to FASCODE and LBLRTM to
create FASE, and gives an overview of the new capabilities and recent
model validations.

SESSION 2: 13:30
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RRTM AND ITS VALIDATION
Eli J. Mlawer, Shepard A. Clough

Atmospheric and Environmental Research, Inc.
840 Memorial Drive
Cambridge, MA 02139

RRTM is a rapid and accurate radiative transfer model that has been
developed as part of the DOE Atmospheric Radiation Measurement (ARM)
Program. The model, which uses the correlated-k method, calculates
thermal clear sky fluxes and cooling rates for an arbitrary atmosphere and is
currently being extended to the solar spectral regime. RRTM has been
extensively validated against the line-by-line model LBLRTM and has an
accuracy over the spectral range 10-3000 cm-1 of 1.0 W/m2 in net flux at
all altitudes, 0.05 K/day for cooling rates in the lower atmosphere, and 0.75
K/day for cooling rates in the upper atmosphere. In addition, RRTM has
been successfully validated in each of its component spectral bands in the
thermal and solar regions. It is essential in evaluating the accuracy of a
model to consider the sensitivity of its calculated fluxes to variations in all
important physical quantities. Many of these incremental validations have
been performed on RRTM and results will be presented for the doubling of
CO2 from current levels and for the addition of key CFC’s to a standard
atmospheric profile.

SESSION 2: 13:50
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HIGH SPECTRAL RESOLUTION SOLAR RADIATIVE
TRANSFER: AN APPROXIMATE METHOD FOR ABSORBING
AND SCATTERING ATMOSPHERES

P. Dubuisson

Laboratoire d’Optique Atmospherique
Universite du Littoral
Station Marine de Wimereux
62930 Wimereux
France

J.C. Buriez, Y. Fouquart

Laboratoire d’Optique Atmospherique
Universite des Sciences et Technologies de Lille

59655 Villeneuve d’Ascq Cedex
France

We have developed a fast, accurate method for approximating high
spectral resolution satellite radiances, in the shortwave region. The method
applies to atmospheres including clouds and aerosols. In this method,
interactions between molecular absorption and multiple scattering are
treated using an.extension of the Scaling Approximation. The method is
first tested in the simple case of an isolated absorption line and then in the
case of real spectra including numerous absorption lines. The atmospheric
models used in the simulation correspond to conditions including clouds
and aerosols. Both cases of absorption by water vapor and oxygen have
been tested. The maximum error in the monochromatic radiances is less
than 10% of the radiance without absorption. The maximum error decreases
to 1% for a simulated resolution of 1 cm™ and 0.1% for 5 cm™.

SESSION 2: 14:10
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RETRIEVAL ALGORITHM TO DEAL WITH A NON-LINEAR TERM

Shinji Kadokura, Hirokazu Kobayashi, Akiro Shimota

Central Research Institute of the Electric Power Industry
Iwadokita, Komea, Tokyo, Japan

Since High-Resolution infrared spectroscopy is an effective method for
probing atmospheric parameters, such as temperature and/or greenhouse gas
concentrations, it is applied to IMG, the Interferometric Monitor for Greenhouse
gases carried on an Earth observing satellite. The atmospheric parameters are
retrieved by inverse analysis of the remote sensing data. The inversion
algorithm previously developed has been improved to reduce the error which
originates from non-linear effects. First, the non-linear term is added to a
noise matrix so that the channels strongly influenced by non-linear errors have
less effect on the retrieved values. Second, the channel selection algorithm,
developed to reduce the calculation time for the forward analysis has been
improved. These improvements have been applied to the simulation of IMG data
analysis and achieved good results

14
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ABSOLUTE CALIBRATION OF INFRARED STELLER FLUXES
R.A. Bell, K. Scaldeferri

Department of Astronomy
University of Maryland
College Park, MD 20742

The extinction of starlight is non-linear with airmass in the infrared,
owing to strong water vapour lines in the spectrum of the earth’s
atmosphere. Such lines occur in the pass bands which have been used to
determine the absolute fluxes of Vega, found by comparing the star to a
standard furnace. The difference between these fluxes and the values
obtained from model stellar photospheres and the angular diameter of the
star may be due to inadequate treatment of the extinction. The HITRAN 92
database and the SAAG3 program (Stevenson 1994) have been used to
study this problem.

SESSION 2: 14:50
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INTERCOMPARISON OF INFRARED OPTICAL CONSTANTS OF
VARIOUS AEROSOL SUBSTANCES

W.G. Egan, J. Joseph Jr.

Natural Sciences Department
York College/City University of New York
Jamaica, NY 11451

The absorption and refractive portions of the infrared complex index
of refraction of various aerosol sands and soils were determined in the
wavelength range 2.5 to 50 um. Measurements of the reflection and
transmission of KBr pellet samples were analyzed using the Kubelka-Munk
radiative transfer theory to separate the scattering from the absorption.
Samples consisted of aerosol particles, Sahara and Sinai Desert sands, coral
and silica sands, and farm soil. The data are presented graphically for easy
comparison. The variations between the indices of the samples influence
atmospheric radiative transfer processes in different regions of the globe.

SESSION 3: 15:30
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ESTIMATION OF AIRBORNE PARTICULATES SIZE
DISTRIBUTION ACCORDING TO WEATHER CONDITIONS AND
IINFLUENCE ON IMAGING SYSTEMS

I. Dror, N.S. Kopeika

Department of Electrical and Computer Engineering
Ben Gurion University of the Negev
P.O. Box 653
Beer Sheva 84105
Israel

In this study the aerosol particulate size distribution curve is
estimated according to simple meteorological parameters. The statistical
models presented here show very strong relationships between current
weather conditions and quantity and size distribution of aerosols. The
model is based on 3 years of extensive aerosol size distribution
measurenients using a particulate optical counter. Comparisons between
measurements of the atmospheric extinction coefficient and those calculated
by the MODTRAN software show large deviation between the
computerized models and our measurements. The MODTRAN atmospheric
models give excellent results regarding the influence of the molecular
particulates on the scattering and absorption properties of the atmosphere,
satisfactory results for the fine dust particulates, but poor results regarding
the influence of large dust aerosols, particularly in desert environment. This
research presents also comparison between the MODTRAN aerosols models
and measurements of the aerosol extinction coefficient in semi-arid, rural,
and maritime environments. The comparison shows that MODTRAN
models have problems in the prediction of the atmospheric extinction
especially when the coarse mode of the particulate size distribution is
dominant. Unlike MODTRAN, the new model presented here yields
excellent results for predictions coarse mode aerosol size distribution.

SESSION 3: 15:50

%\/



19th Annual Review Conference on Atmospheric Radiation Models

NUMERICAL AND ANALYTICAL SOLUTIONS OF THE SMALL
PARTICLE AMPLITUDE IN THE NAVY AEROSOL MODEL

Terry E. Battalino

Geophysics Branch, Code 521420E
Naval Air Warfare Center Weapons Division
Point Mugu, CA 93042-5001

The Navy Aerosol Model (NAM) statistically models maritime
aerosol particle size distributions as the sum of three independent log-
normal functions, each of which are characterized by amplitudes that
depend upon meteorological input parameters. The first NAM amplitude
(A,) adjusts the magnitude of the particle number density about a modal
radius of 0.03 um, and is determined by the input of an air mass parameter
that can be selected from three methods: (1) radon gas concentration, (2) air
trajectory, and (3) subjective estimate. A new methodology utilizing
measurements of condensation nuclei is introduced in this paper. The
technique is mathematically formulated by integrating over the NAM
spectrum and solving for the A, term as a function of the CN count and
meteorological input parameters. Numerical solutions for the CN count and
A, amplitude are provided for the possible range of meteorological input
variables. CN threshold levels are identified for equivalent radon input
parameters, and an analytical expression involving error functions is derived
for the A, term.

SESSION 3: 16:10
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THERMAL RADIATIVE EXCHANGE AT STRATUS CLOUD TOPS
James W. Telford

Atmospheric Concepts Inc.
1975 Fallen Leaf Court
‘Reno, NV 89500-3559

The continued growth and dissipation of long lived marine stratus
clouds is thought to be strongly influenced by thermal radiation transfer.
However the actual interactions are more complex than at first conjectured
and have the effect of mixing dry overlying air into the clouds rather than
adding moisture from the sea. The moisture is added from below by a
moisture driven convective process involving latent heat but no permanent
clouds.

Detailed calculations using analytic integration across layers, and
algebraic ‘expressions to eliminate the canceling terms between layers,
allows the vertical resolution to be small enough to follow the heat transfer
at wavelengths where the 1/e absorption distance is less than a centimeter or
so. For actual inversions at cloud top, often of 10 C over 10 m or so, this
transfer cools the warm clear air above and heats the cloud top enough to
dominate the heat loss up through the radiative atmospheric window.
Satellite observations confirm that the clouds do not spread to fill clear
patches at night, and do not enlarge them after dawn.

SESSION 3: 16:30
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A METHOD FOR RAPID GENERATION OF CLOUD PROPERTIES
Eric Schmidt, Mark Raffensberger

TASC
55 Walkers Brook Dr.
Reading, MA 01867

Thomas Caudill

USAF Phillips Laboratory
Hanscom AFB, MA 01731

We have developed a first-generation method to rapidly generate
radiometrically accurate visible and infrared properties of water clouds.
The heart of the Fast-Map approach is the construction of a set of 2-D tables
relating water content to particle size, optical properties, radiative
properties, and graphical quantities, such as transparency, absorptivity, and
diffusivity. The conversion process is highly flexible, computationally
efficient and fast. The Fast-Map method includes: (1) a spatially variable
particle size distribution, N9R,Z), where r is the particle radius and z is the
height above the cloud base, (2) a translation from water content and n(r,z)
values into wavelength dependent optical properties, such as extinction
optical depth (o) and single-scatter albedo (®,), (3) tables of radiative
properties constructed using a radiative transfer model code and/or
parameterizations, and (4) a mapping between radiative properties and
graphical quantities. Cumuliform and stratiform cloud properties are
presented.

SESSION 3: 16:50
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BISTATIC LIDAR MEASUREMENTS OF LOWER
TROPOSPHERIC PARTICLE SIZE DISTRIBUTION
AND OPTICAL EXTINCTION

T.D. Stevens, C.R. Philbrick

The Pennsylvania State University
PSU/ARL Lidar Laboratory
University Park, PA 16802

A study has been conducted to investigate the application of a unique
bistatic lidar receiver to remotely determine properties of lower
tropospheric aerosols, particularly optical extinction, median radius and size
distribution width. The bistatic remote receiver uses a linear photodiode
array to image the radiation scattered from any high power CW or pulsed
laser system. By observing the angular scattering along a horizontal path,
additional information contained in the scattering angle phase function can
be obtained.

The first studies using the bistatic lidar were conducted in a marine
environment during the Wallops CASE I (Coastal Aerosol Scattering
Experiment) program. The measurements were made under sufficiently
high relative humidities that it is reasonable to use a spherical model to
describe the scatterers. A trimodal lognormal distribution of aerosols was
observed on September 14, 1995 to increase in size during a period of
several hours when the relative humidity remained constant at 92% and the
temperature decreased from 23 to 22 deg. C.

SESSION 3: 17:10
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"ENVIRONMENTAL REPRESENTATIONS AND EFFECTS AND
AN UPDATE ON THE MOSART CODE"

William M. Cornette

Technical Advisor for Defense Modeling and Simulation
Terrain Modeling Project Office
Defense Mapping Agency (ATSS/Stop A-13)
8613 Lee Highway
Fairfax, VA 22031-2137

Under Secretary of Defense for Acquisition and Techniology
(USD(A&T)) has designated three modeling and simulation (M&S)
executive agents (EAs) for simulated environments (i.e., terrain, ocean, and
aerospace), which are directed by the Defense Modeling and Simulation
Office (DMSO) for the Director Defense Research and Engineering
(DDR&E) and USD(A&T). A brief overview of each M&S Environmental
EA will ‘be provided with a discussion of the various programs (i.e.,
Requirements, Standards,and Research & Development). Also, an update on
the MOSART code will be provided regarding its current status,
availability, and potential future growth (e.g., upgrades in the terrain
temperature module, the terrain data bases, 3D atmospheres). Some
information on future terrain material representations will be given.

SESSION 4: 8:30
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IMPROVING MODTRAN’S MOLECULAR
TRANSMITTANCE ALGORITHM

Steven Adler-Golden, Prabhat Acharya, Alexander Berk,
Lawrence Bernstein

Spectral Sciences, Inc
99 S. Bedford #7
Burlington, MA 01803

Gail Anderson, James Chetwynd

Air Force Phillips Laboratory
29 Randolph Road
Hanscom AFB, MA 01731

Improved accuracy in transmittance and radiance spectra calculated by
MODTRAN is desired for remote sensing of atmospheric species and
temperatures. In this study, errors associated with the various molecular
transmittance approximations in MODTRAN were characterized. Issues
addressed include (1) the treatment of the line tails, (2) line position
correlation, and (3) the line strength distribution and its effect on the curve
of growth, focusing on ozone. Several improvements to the transmittance
algorithm were developed and incorporated in beta test code. Comparisons
were made between MODTRANS3, the test code, and FASCODE for
representative remote-sensing cases. The test code provides noticeable
improvements over MODTRAN3, although with both codes the agreement
with FASCODE is generally very good (within several percent in
transmittance).

SESSION 4: 9:00
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MODTRAN3.5

A. Berk, L. S. Bernstein, P. K. Acharya, D. C. Robertson

Spectral Sciences, Inc.,
99 S. Bedford #7
Burlington, MA 01803

G. P. Anderson ,J. H. Chetwynd

Geophysics Directorate,
Phillips Laboratory, Hanscom AFB, MA 01731

J.J. Valil
Mei Technology Corp.,
1050 Waltham Street
Lexington, MA 02173

MODTRANS3.5 is now available from the Phillips Laboratory fip site.
The current model is still officially a beta-test version and should be run in
parallel with the latest version of MODTRAN3. MODTRANS3.5 affords the
users many new options and features. These include more flexible cloud
inputs with an option to model mixed phase clouds, HITRAN96 based band
model parameters at an expanded temperature grid, calculation of multiple
scattering vertical fluxes at H2 (the path final altitude), a finer default
altitude grid including the option to input negative altitudes, and a new plot
(x vs y) output file. Upgrades will be described, and validation calculations
presented.

SESSION 4: 9:20
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ADDITION OF A CORRELATED-K CAPABILITY TO MODTRAN
L.S. Bernstein, A. Berk, D.C. Robertson, P.K. Acharya

Spectral Sciences, Inc.
99 S. Bedford Street #7
Burlington, MA 01803-5269

G.P. Anderson, J.H. Chetwynd

Geophysics Directorate
Phillips Laboratory
29 Randolph Road
Hanscom AFB, MA 01731-3010

This presentation describes the addition of a Correlated-k (CK)
capability to the MODTRAN atmospheric transmission/radiance computer
code. Addition of a CK capability to MODTRAN provides an accurate and
fast means for evaluation of the effects of clouds and heavy aerosol loading
on retrievals (both surface properties and species concentration profiles) and
on atmospheric radiative heating/cooling calculation. These radiative
transfer computations require coupling the effects of gaseous molecular
absorption due primarily to water vapor, carbon dioxide, and ozone, with
particulate multiple scattering due to volcanic aerosols, ice crystals, and
water droplets. The molecular absorption band model used in MODTRAN
is not suitable for interfacing with standard multiple scattering algorithms.
This is because the scattering models require a monochromatic
representation of the molecular transmission (i.e., Beer’s law), whereas
molecular band models which represent the transmission for a finite spectral
interval do not follow Beer’s law. In order to adapt a band model approach
for use in scattering calculations it is necessary to express the band model
transmission function in terms of a weighted sum of Beer’s law exponential
terms. Thus, one of the fundamental problems addressed in this work was
the development of a method for determining the weighting factors and
monochromatic absorption coefficients corresponding to the MODTRAN

band model.
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The k-distribution g(K) is determined using a Monte-Carlo line-by-
line simulation which is constrained by the same physical assumptions (i.e.,
uncorrelated equal-strength lines) used to derive the band model parameters.
A compact database representation of the g(K)’s for the atmospheric
molecules is developed and incorporated into MODTRAN for real-time
access during a radiative transfer calculation. Sample calculations are
presented which demonstrate the importance of using the CK approach for
multiple scattering calculations. Comparisons are made to recent down
looking near-infrared measurements of solar scattering off an opaque
cumulus cloud.

SESSION 4: 9:40
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ATMOSPHERIC EFFECTS INTERPOLATION ALGORITHM
Glenn J. Higgins, P. Daniel Hestand

TASC
55 Walkers Brook Drive
Reading, MA 01867

An interpolation algorithm has been developed to efficiently estimate
atmospheric path transmission and radiance to support infrared scene
visualization activities at PL/GPAA. The method uses MODTRAN to
compute atmospheric path transmission and radiance for user-selected
scenario parameters and for a limited number of geometries, dependent on
the scenario parameters. Scaling laws and interpolation provide estimates
of these quantities for other desired geometries corresponding to the
locations of scene elements, yielding a significant time savings relative to
executing MODTRAN for every desired geometry.  Estimates of
interpolation error for quantities as well as for apparent temperature are
provided.

- SESSION 4: 10:00
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TERRESTRIAL REFRACTION MODEL
Michael E. Thomas, Richard I. Joseph

Applied Physics Laboratory/Johns Hopkins University
Laurel, MD 20723

A model for the atmospheric ray path is constructed from a
geometrical optics solution of the eikonal equation. The optical ray path is
developed in the earth coordinate system for the lower atmosphere. An
exact solution is obtained for a vertical refractive index profile that is
quadratic in the altitude. From this development formulae for the location
of the optical horizon are obtained. A general solution is also obtained for
any vertical refractive index profile.

SESSION 4: 10:40
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AN EXPERIMENT IN COMPUTING VIA THE WEB
Dave Sowle

Mission Research Corporation
P.O.Box 719
Santa Barbara, CA 93102

Under the auspices of the ARM-UAV program, MRC is making
available climate research community standard algorithms for use over the
Web. The idea is that the user brings up our Web page at:
http://arm.mrcsb.com and chooses from available algorithms. Using a GUL,
the user can submit a calculation and get results, all via the Web.
Advantages are hardware independence and no knowledge of code details
required for operation. The only algorithms now available are the SBDART
code (Stamnes’ DISORT transfer code plus LOWTRAN added by UCSB),
and a Nakajima/King cloud properties algorithm. Suggestions for other
algorithms are sought.

SESSION 4: 11:20
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THE STATUS OF PLEXUS:
PHILLIPS LABORATORY EXPERT UNIFIED SOFTWARE

Dale Sinclair

Geophysics Directorate,
Phillips Laboratory,USAF
29 Randolph Road
Hanscom AFB, MA 01731

PLEXUS is an ambitious project to provide both interactive and non-
interactive interfaces to a suite of Geophysics models covering all spatial
regimes (ground to space), spectral regimes (ultraviolet to radio frequency),
and spectral resolutions (broad-band to laser). The PLEXUS core is an
Expert System guaranteeing accuracy and ease of access, and permitting a
range of user expertise from pre-phase zero conceptual design, through
engineering optimization, field limits, and war gaming. PLEXUS addresses
variability issues with modern default atmospheric vertical profiles which
provide geographical, seasonal, and time dependency. We will list present
status, how to obtain PLEXUS, and future deliverables and design goals.

SESSION 4: 11:40
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A COMPUTER CODING ARCHITECTURE
Dr. Frank O. Clark

Geophysics Directorate,
Phillips Laboratory, USAF
29 Randolph Road
Hanscom AFB, MA 01731

We are currently designing a new machine independent, distributed,
multithreaded, modular computer software architecture for our PLEXUS
suite of codes. The design goals address Department of Defense user
‘requirements in several arenas. These design goals will be useful in many
Department of Defense software projects.

SESSION 4: 12:00
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" WHY DO DRAMATIC LOCALIZED (RADIATING) HEATING
EVENTS OCCUR IN THE MESOSPHERE?

E.M. Dewan, R.H. Picard

Geophysics Directorate,
Phillips Laboratory, USAF
29 Randolph Road
Hanscom AFB, MA 01731

T.F. Tuan, T.Y. Huang

Physics Department
University of Cincinnati
Cincinnati, OH 45221

Forecasting radiance structure with sharp gradients in the mesosphere
is of great importance to the Air Force. These structures can be caused by
the sharp increases in temperature (e.g. 40°K) over a small height region (2-
3km) of the type observed by lidar observations during the ALOHA 93
Campaign. The purpose of this presentation is to give a physical
explanation for such events, raising the possibility of forecasting them. The
mechanism involves gravity waves depositing their horizontal momentum
in a narrow “critical layer”. This, when continued over time, can accelerate
a small portion of the mean wind to the point where critical shear is
exceeded. It will be shown that the resulting turbulence can cause the
observed heating in the very narrow layer. The resulting radiative effects
will be presented in another paper at this meeting.

SESSION 5: 13:30
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NON-LTE INFRARED RADIANCE FROM
LOCALIZED STRUCTURES "~

R.H. Picard, J.R. Winick, E.M. Dewan

Phillips Laboratory
Geophysics Directorate (GPOS)
29 Randolp Road
Hanscom AFB, MA 01731

P.P. Wintersteiner

ARCON Corporation
Waltham, MA 02154

U.B. Makhlouf

Stewart Radiance Laboratory
- Bedford, MA 01730

Extremes of non-LTE radiance and radiance gradients well above
average values are often associated with spatially localized structures.
Consequently, these structures can be among the most stressing background
features for surveillance systems. Examples of such localized structures
include inversion layers (vertically localized and fronts (horizontally
localized). We give examples of such structures seen in the upper
atmosphere during the ALOHA-93 Campaign and show that they are
associated with visible radiance extremes. We also calculate the infrared
radiance seen in the earthlimb resulting from upper-atmospheric
temperature inversion layers and show that large changes of infrared
radiance and gradients are possible, especially at 4.3 pm.

SESSION 5: 13:50
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“SIG: THE SHARC IMAGE GENERATOR - OVERVIEW OF A
NEW NON-STATIONARY STOCHASTIC
SCENE GENERATOR FOR SHARC”

James H. Brown
Phillips Laboratory/GPOS
29 Randolph Road
Hanscom AFB, MA 01731
Neil Grossbard

Boston College
Institute for Space Research
Chestnut Hill, MA 02167

A new integrated user-friendly code will soon be available that
provides sensor specific IR synthetic images. The non-stationary methods
use SHARC 4 output information and can generate scenes for limb, nadir,
and cloud-free off-nadir viewing geometries. A brief description of the
various 3-D and 2-D methods will be presented. The user interface will be
described and the product will be illustrated with several false color

structure synthetic images.

SESSION 5: 14:10
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15 MICRON NON-LTE COOLING RATES FROM CIRRIS-1A

P.P. Wintersteiner

ARCON Corporation
Waltham, MA 02154

J.0. Wise, R.H. Picard, J.R. Winick
Phillips Laboratory/GPOS
29 Randolph Road
Hanscom AFB, MA 01731

R.G. Roble

National Center for Atmospheric Research
Box 3000
Boulder, CO 80302

Using the ARC non-LTE radiation code, the NCAR TIME-G

of two and in some cases may exceed 200 K/day. We also compare
derived cooling rates with those used in the TIME-GCM.
SESSION 5: 14:30
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general circulation model, and the CIRRIS-1A earthlimb data, we are able
to explore the variability of 15 um cooling rates in the mesosphere
lower thermosphere. Starting with the atmospheric conditions predicted by
the NCAR TIME-GCM, we calculate the long-wave infrared radiance
the associated atmospheric cooling using the ARC line-by-line radiative
transfer codes. By comparing the modeled limb radiance with the CIRRIS
radiometer and interferometer data for different conditions, we show
the peak cooling rates in the lower thermosphere vary by more than a factor
the
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| QUASICLASSICAL TRAJECTORY STUDY OF THE
N('S)+*NOX’I)->N,(X's")+O(*P) REACTION RATE CONSTANT:
IMPLICATIONS FOR THERMOSPHERIC NO FORMATION

J.W. Duff
Spectral Sciences, Inc.
99 S. Bedford Street
Burlington, MA

R.D. Sharma
Phillips Laboratory/Geophysics Directorate
Optical Environment Division (GPOS)
29 Randolph Road
Hanscom AFB, MA 01731-3010

A. Dalgarno
Harvard-Smithsonian Center for Astrophysics
Cambridge, MA

J.L. Fox
Institute for Terrestrial and Planetary Atmospheres
and Marine Sciences Research Center
State University of New York
Stony Brook, NY

The reaction of N atoms with NO is probably the most important loss
process for odd nitrogen in the Terrestrial and Martian thermospheres.
Recent analyses of NO density [Fox, 1994; Siskind and Rusch, 1992]
suggest a  temperature dependence for this rate coefficient in the
temperature range 100 < T < 1000 K to reconcile model predictions with
rocket observations, contrary to the JPL-recommended temperature
independent rate constant. The present quasiclassical trajectory study
extends previous calculations [Gilibert et al., 1992) of the rate constant
down to 100 K. In the absence of a detailed treatment of spin-orbit
coupling, the QCT results are in excellent agreement with the experiments
of Lee et al. [1978], Michael and Lim [1992] and JPL recommended rate
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constant, indicating only a slight temperature dependence over the
temperature range of 100 to 1000 K. A consideration of the uncertainty in
the rate constant introduced by the neglect of spin-orbit coupling (a factor of
2-4) may yield a rate constant within a factor of 5 of the value suggested by
Fox at 100 K. Furthermore, more elaborate calculations to help understand
the correlation of the N+NO’A” ground state potential energy surfaces with
the NO Q=1/2 and Q=3/2 spin-orbit states may elucidate the possible role
of N+NO in the NO spin-orbit distributions, such as those observed by
CIRRIS 1A [Lipson et al.,1994;Sharma et al.,1996]. Finally, the present
study does not support the temperature dependent rate constant derived by
Siskind and Rusch for T > 700 K and thus the inconsistency between NO
observations and current NO models in the middle and upper therrnosphere
remains unresolved.
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SENSITIVITY TRADE OF VARIOUS LASER WAVELENGTHS
TO A MARTIME ENVIRONMENT

Larrene K. Harada

W.J. Schafer Associates
1901 N. Fort Myere Drive
Suite 800
Arlington, VA 22209

A high energy laser device to be mounted on a ship for point defense
is under consideration. A sensitivity trade of various laser wavelengths has
been performed to study the range of meteorological conditions found in the
maritime environment and their effect on propagation. The trade is to
determine the laser wavelength with the most favorable propagation under
all conditions of interest. Since a FEL is one of the devices being
considered, we have also done a search around the atmospheric windows.
FASCODE calculations were performed to determine the regions of lowest
absorption. Shown is also a comparison of the relative transmissions
calculated using LOWTRAN, MODTRAN and FASCODE in the regions of
1.06 microns,.1.315, 1.6, 2.2, and MIRACL wavelengths.

SESSION 6: 15:50
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LARC (Laser Radar Code) ATMOSPHERIC TRANSMISSION
LOOK-UP TABLE

Dima Seliverstov, M.J. Yoder

MITRE Corporation
202 Burlington Road
Bedford, MA 01730

~ In this paper we describe a simple method for coupling FASCODE3P
results to other practical applied codes. This enables these applied codes to
run faster and use less powerful computers. In particular our application is
the MITRE Laser Radar Code (LARC). LARC calculates the probability of
detection for arbitrary sensor locations and target trajectories and includes
the relevant physical effects. The laser radar range equation is solved for a
real curved-earth geometry and includes free air induced turbulent beam
spreading effects. @~ LARC includes target fading and atmospheric
scintillation. LARC computes the detection statistics for both pulsed and
Continuous Wave (CW) laser systems.

The LARC Code is decoupled from the FASCODE3P program by use
of an atmospheric extinction coefficient lookup table. This method uses
FASCODES3P to compute the extinction coefficients as a function of laser
wavelength, altitude and atmospheric model. Using the extinction
coefficients, a curved earth ray tracing routine computes the corresponding
atmospheric transmission much faster then using the directly coupled
FASCODE3P code. This paper describes the calculations involved and
compares the results to directly calculated FASCODE3P transmission.
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LIDAR MEASUREMENTS TO DESCRIBE THE ELECTRO-
OPTICAL ENVIRONMENT AND ATMOSPHERIC PROPERTIES

C. Russel Philbrick, Franz Balsiger, Tim D. Stevens

The Pennsylvania State University
PSU/ARL Remote Sensing Department
P.O. Box 30
State College, PA 16804

Scattering of visible, ultraviolet and infrared radiation by atmospheric
particles has a major impact on commercial air traffic and on many military
systems. It has become critically important, with many modern systems,
that the electro-optical environment be properly characterized.

Most of the past applications of lidar to describe the electro-optical
environment have failed to provide satisfactory results because the
techniques have generally focused on measurement of the backscattered
radiation at the transmitted wavelength. We have shown that molecular
scattering from rotational and vibrational Raman backscatter can be used to
directly determine the extinction profile through optical scattering regions
containing aerosols and cloud layers.

SESSION 6: 16:30
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ANALYSIS OF LONG TERM TEMPERATURE TRENDS AT
THE SOUTH POLE USING MODTRAN3

W.G. Egan

Natural Sciences Department
York College
City University of New York
Jamaica, NY 11451

A.W. Hogan

U.S. Army Cold Regions Research and Engineeriing Laboratory
Hanover, NH 03755-1290

In published long term mean surface temperature trends at the south
Pole 1958-1983, there is no annual variation; however, the Austral summer
shows a temperature increase and the winter shows a decrease up to 1976.
The variations are analyzed in terms of effects resulting from annual
changes in water vapor, carbon dioxide, methane and ozone using selected
‘input atmospheric profiles available in MODTRAN3. The question of a
possible increase in water vapor cuased by the attachment to carbon dioxide
is examined. It has been hypoethesized that the frequent storms in the
northern portion of the eastern hemisphere are caused by increased
atmospheric water vapor caused by increasing carbon dioxide.
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(HAWKS96) THE HITRAN ATMOSPHERIC WORKSTATION

L. S. Rothman and G. Anderson, AF Geophysics Directorate, Hanscom AFB, MA
J. Schroeder and A. McCann, Ontar Corp, North Andover, MA
R.R. Gamache, U. Mass Lowell, Lowell, MA _
R.B. Wattson, Stewart Radiance Lab, Utah State U., Bedford, MA
J.-M. Flaud, A. Perrin, V. Dana, and J.-Y. Mandin, U. P.et M. Curie, Paris,
FRANCE
A. Goldman, U. Denver, Denver, CO
P. Varanasi, SUNY Stony Brook, NY
K. Yoshino, Harvard-Smithsonian Center for Astrophysics, Cambridge, MA

A new edition of the HITRAN molecular spectroscopic database has been
released this year. It is included in a compilation called HAWKS (HITRAN
Atmospheric Workstation). HAWKS represents more fully a “matter” database.
Besides an updated HITRAN high-resolution molecular database of about one
million transitions, there are files of aerosol indices of refraction, UV line-by-line
and cross-section parameters, supplemental files of gases such as ionic species and
ozone parameters suitable for atmospheric non-local thermodynamic equilibrium
conditions, extensive IR cross-sections now at different pressures and
temperatures, and molecular parameters suitable for modeling high-temperature
radiance.  In addition there is a moderate-resolution band-model code,
MODTRANS3.

There is also vastly improved software handling of the data in both
WINDOWS and UNIX platforms, such as more sophisticated selection filters,
plotting capabilities, pointers to significant references, and documentation.
HAWKS is being made available on CD-ROM. This presentation will discuss
some of the interesting features that are present on the compilation as well as give
some interesting examples of new capabilities.

The current effort has been supported by the Atmospheric Radiation
Measurement program under the Department of Energy interagency agreement
No. DE-AI06-90RL12076 as well as the AF Office of Scientific Research.
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OZONE, NITROGEN DIOXIDE, AND NITRIC ACID
FOR THE HITRAN DATABASE

Jean-Marie Flaud
Laboratoire de Physique Moléculaire et Applications
Université Pierre et Marie Curie
Paris
FRANCE

Since the previous issue of the HITRAN database, a number of studies have
been devoted to the improvement of the spectral parameters of molecules of
atmospheric interest. This presentation is an overview of the recent results
concerning the ozone, the nitrogen dioxide, and the nitric acid molecules with
estimates given regarding their accuracy. Also tentative recommendations for.
related future efforts will be made.
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THE HOT BANDS OF METHANE BETWEEN 5 AND 10 pm

O. Ouardi, J. C. Hilico, M. Loete
Laboratoire de Physique de I'Université de Bourgogne, France

L. R. Brown
Jet Propulsion Laboratory, California Institute of Technology
4800 Oak Grove Drive, Pasadena, CA 91109, USA

Experimental line intensities of 1727 transitions arising from nine hot bands
between 900 and 2000 cm~! have been measured using the Fourier transform
spectrometer at Kitt Peak. The observed hot bands that arise between levels of the
five-band pentad near 3.3 pm and the v4 and v; dyad are: v3 - v5, v] - vo, v3 -
V4, V] = V4,2V4-V4,2V4-V),2V) - V4, V) + V4 -vqgand vo + vq - vo. These
data have been combined with 1206 previously-analyzed intensities of the dyad
(Brown et al., J. Mol. Spectrosc. 133, 272 (1989)) and fitted to first and second
order using the effective dipole moment expansion in the polyad scheme. In
second order, the dyad lines are fitted with an rms of 3% and the hot band lines
with an rms 6f 6.5%.

The dyad parameters are essentially the same as the 1996 database, but the
new hot band calculation greatly improves the 1996 values.
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SPECTROSCOPIC DATABASE FOR REMOTE SENSING OF CFCs

Prasad Varanasi
Institute for Terrestrial and Planetary Atmospheres
The University at Stony Brook
Stony Brook, NY

Remote sensing of and global warming by the chlorofluorocarbons and their
alternates in the atmosphere will be discussed. The recent revisions in the
HITRAN database reflecting the growing interest in the infrared cross-sections of
these human-made molecules will be reviewed along with a presentation of the
laboratory and semi-empirical techniques. The application of the spectroscopic
database in ADEOS and other atmospheric remote-sensing projects will be
emphasized.
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HIGH RESOLUTION CROSS SECTION MEASUREMENTS OF NO,

W.H. Parkinson, J.R. Esmond, and K. Yoshino
Harvard-Smithsonian Center for Astrophysics
60 Garden Street
Cambridge, MA 02138

Cross section measurements of NO> at 295K have been obtained in the
wavelength region 360 nm to 470 nm. We used the 6.65-m vacuum spectrometer
with a 1200 I/mm grating, which gives 1.24 A/mm dispersion. A tungsten lamp,
operating at 12 V ac, was used as the background source. Data were taken every
0.118 sec for every 15 mA (0.074 cm-1). In each scan range, we ran an Fe hollow
cathode spectrum for wavelength calibration. The accuracy of wavelenth position
was 0.02 A. The pressures of NO, were selected as 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0
Torr. The cross section measurements at the beginning wavelengths show a slight
but definite negative pressure dependency, because of dimer formation. As a
result, we could estimate the range of dimer density of 0.5% at 0.5 Torr to 2.5% at
3 Torr. After the column density of NO, was calibrated, we obtained cross
sections of NOy for all runs at all pressures. We will present the cross section
values of NO,, and compare them with previous results.

This work is supported by NRL N00014-93-1-G037 to Harvard College
Observatory
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RADIATIVE FORCING CALCULATIONS FOR CH3Cl AND CH3Br

Allen S. Grossman, Keith E. Grant
Global Climate Research Division, L-262
Lawrence Livermore National Laboratory, P.O. Box 808
Livermore, CA 94551

William E. Blass
Department of Physics and Astronomy

University of Tennessee
Knoxville, TN 37996-1200

Donald J. Wuebbles
Department of Atmospheric Sciences
University of Illinois
Urbana, IL 61801

Methyl chloride, CH3Cl, and methyl bromide, CHj3Br, are particularly
important in’ the global atmosphere as major natural sources of chlorine and
bromine to the stratosphere. We will estimate the radiative forcing and Global
Warming Potentials (GWPs) of CH3Cl and CH3Br. Our calculations use an
infrared radiative transfer model based on the correlated k-distribution algorithm.
Radiative forcmg values of 0.0046 W/m2 per ppbv for CH3Cl in the troposphere
and 0.0049 W/m?2 per ppbv for CH3Br in thre troposphere were obtained. The
radiative forcing values are about 2 percent of the forcing of CFC-11 and about
270 times the forcing of CO5, on a per molecule basis. The Global Warming
Potentials of CH3Cl and CH3Br were determined giving GWPs of about 8 for
CH3Cl and about 4 for CH3Br for a time integration of 100 years (COy =1). The
results indicate that while CH3Cl and CH3Br have direct GWPs similar to that of
CHy, the current emission rates are too low to meaningfully contribute to
atmospheric greenhouse heating effects.
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SIMPLE MODELING OF THE TEMPERATURE DEPENDENCE OF THE
FIRST-ORDER LINE-MIXING COEFFICIENTS Y, (T)

R.Rodrigues and J.-M. Hartmann
Laboratoire de Physique Moléculaire et Applications, CNRS UPR136 unité

associé aux universités de P. et M. Curie et Paris-Sud, Université de Paris-Sud
(Bat 350), 91405 Orsay Cedex, FRANCE

A simple approach is proposed in order to model the temperature
dependence of the first-order line-mixing coefficients Y, (T). It respects a sum
rule whose breakdown leads to large errors in atmospheric spectral computations.
Furthermore, only two parameters, which can be represented with no more than
three significant figures, are required (for air-broadening) for each line. Contrary
to previous ones, our model is thus particularly suitable for storage of line-mixing
parameters in databases. Tests in the case of two CO5 Q-branches near 14 um and
of O absorption in the centimeter wave region under various pressure and
temperature conditions show the accuracy of our approach.
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LINE COUPLING IN PERTURBATION THEORY:
A CAUTIONARY NOTE

Michael Hoke
Phillips Laboratory
Geophysics Directorate
Hanscom AFB, MA 01731

The general description of line coupling requires inverting the line shape
operator matrix at each pressure and temperature required for the calculation.
Consequently, in atmospheric radiative transfer codes, line coupling is usually
accommodated in first order perturbation theory, which works well if the line
coupling coefficient is small. Failure in perturbation theory can be benign or lead
to significant differences between the calculations and measurement. Examples in
fifteen micrometer carbon dioxide Q-branches will be presented to illustrate the
point.
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IMPROVED SPECTRAL PARAMETERS FOR THE THREE MOST
ABUNDANT ISOTOPOMERS OF THE OXYGEN MOLECULE

Robert R. Gamache
Center for Atmospheric Research
University of Massachusetts Lowell
450 Aiken Street
Lowell, MA 01854

Aaron Goldman
Department of Physics
University of Denver
Denver, CO 80208

Laurence S. Rothman
AF Geophysics Directorate
PL/GPOS
Hanscom AFB, MA 01731

The spectral parameters for the three most abundant isotopomers of

molecular oxygen in the terrestrial atmosphere, 1602, 160180, and 160170,
have been re-calculated. These parameters include the line positions, the line
intensities and strengths, the lower state energies, and the air-broadened
halfwidths. Magnetic dipole and elecltric quadrupole transitions in and among the
three lowest lying electronic states, X3Zg’ “« X3Eg', alAg «— X3Zg', and leZg+
<« X3Zg', are considered resulting in transitions from the microwave to the visible.
The expression for the line intensity in terms of the Einstein A coefficient is
developed and the confusion concerning the 1.27 um band intensities is addressed.
The final data file contains 9292 transitions belonging to 18 bands. These data are
now contained in the 1996 HITRAN database.

SESSION 8: 13:30-16:00
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IMPROVEMENTS OF NITROGEN DIOXIDE FOR UPDATING HITRAN

V. Dana, J.-Y. Mandin, A. Perrin
Laboratoire de Physique Moléculaire et Applications
CNRS, Université Pierre et Marie Curie, Case Courier 76
Tour 13, 4, place Jussieu, 75252 Paris Cedex 05
FRANCE

L. Regalia and A. Barbe
Groupe de Spectroscopie Moléculaire et Atmosphérique
Faculté des Sciences, 51062 Reims Cedex
FRANCE

Nitrogen dioxide is a minor constituent in the stratosphere and in the upper
troposphere. It is also present in the lower troposphere as a pollutant. The vy +
v3 band, located around 3.4 pm, is well suited to study NO, in atmospheric
spectra from the ground, since several NO5 peaks of this band appear well isolated
and free of other tropospheric absorptions.

The current HITRAN version contains line positions and intensities Wthh
need to be improved, and a single value of the air-broadening coefficient has been
quoted for all the lines. In this work, we have determined accurate line positions
and intensities from Fourier transform spectra recorded at GSMA (Reims). In
addition, a consistent set of self- and nitrogen-broadening coefficients has been
obtained for a wide domain of N and K, rotational quantum number values.

The method set up to retrieve line parameters from the spectra is presented.
The determination of collisional line widths was particularly difficult because the
spectrum is very crowded, and because the spin-rotation doubling has to be known
very accurately from a reliable theoretical calculation.

The results are presented and discussed within the context of atmospheric
applications.
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UPDATED LINE PARAMETERS FOR OH X2IT « X 2[1 (v',v"")

A. Goldman, W.G. Schoenfeld
University of Denver

Denver, CO 80208, U.S.A

D. Goorvitch
Space Science Division
NASA Ames Research Center

Moffett Field, CA 94035, U.S.A

C. Chackerian, Jr.
Earth System Science Division
NASA Ames Research Center
Moffett Field, CA 94035, U.S.A

H. Dothe
Mei Technologies

1050 Waltham St, Lexington, MA 02173, U.S.A.

F. Melen
Institut d'Astrophysique
Université de Liége
5 Avenue de Cointe
B-4000, Liege, Belgium

M.C. Abrams
SAIC- Aerosol Research Branch
Atmospheric Sciences Division
NASA Langley Research Center
Hampton, VA 23681, U.S.A

New spectral line parameters have been generated for the OH X2I1 « X 211
pure rotation and vibration-rotation transitions for v = 0,...,6, v = 0,...,10 for
HITRAN and HITEMP. Line parameters sets have been prepared with Jy. =
49.5 and are provided at 296K and 6000K. Thus, 56 separate bands were
calculated; 11 pure rotation bands and 45 vibration-rotation bands. Recent
advances in the calculations of line intensities from wavefunctions and electric
dipole moment function, and in line positions from term analysis of modern field
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and laboratory spectra, allow significant improvement in the line parameters.
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INDICES OF REFRACTION IN THE HITRAN COMPILATION

S. T. Massie
NCAR
Boulder, CO

A. Goldman
University of Denver
Denver, CO 80208

A review of the indices of refraction, which are included in the HITRAN
compilation, is presented. The need for additional laboratory work is also
discussed. Application of the indices, to obtain area and volume densities, for
both volcanic areosol and Polar Stratospheric Cloud particles, is illustrated using
infrared aerosol extinction observed by experiments on the Upper Atmosphere
Research Satellite (UARS).
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THE JET PROPULSION LABORATORY SUBMILLIMETER,
MILLIMETER, AND MICROWAVE SPECTRAL LINE CATALOG

H.M. Pickett, R.L. Poynter, E.A. Cohen,
M.L. Delitsky, J.C. Pearson, H.S.P. Miiller

Jet Propulsion Laboratory, California Institute of Technology
Pasadena, California 91109

This report describes a computer-accessible catalog of submillimeter,
millimeter, and microwave spectral lines in the frequency range between 0 and
10,000 GHz. The catalog can be used as a planning guide or as an aid in the
identification and analysis of observed spectral lines. The information listed for
each spectral line includes the frequency and its estimated error, the intensity, the
lower state energy, and the quantum number assignment. This edition of the
catalog has information on 298 atomic and molecular species and includes a total
of 1,448,153 lines. '

The catalog has been constructed by using theoretical least squares fits of
published spectral lines to accepted molecular models. The associated predictions
and their estimated errors are based upon the resultant fitted parameters and their -
covariances. Future versions of this catalog will add more atoms and molecules
and update the present listings as new data appear.

The catalog is available on-line via anonymous ftp at spec.jpl.nasa.gov and
on the world wide web at http://spec.jpl.nasa.gov.
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THE GEISA DATABASE IN THE FRAME OF THE IASI MISSION OF
THE EUMETSAT POLAR SYSTEM:GEISA/IASI

N.Jacquinet-Husson, N.A.Scott, A.Chedin, B.Bonnet LMD Palaiseau (France)
A.Barbe and V1.G.Tyuterev, LSMA Reims (France)
J.P.Champion, LPUB, Dijon (France)

M. Winnewisser, JLU, Giessen (Germany)

L.R.Brown, JPL, Pasadena(USA)

R.Gamache, CAR, Lowell(USA)

V.Golovko and A.Chursin, Tomsk(Russia)

IASI (Infrared Atmospheric Sounding Interferometer), part of the future
EUMETSAT Polar System(EPS), will be the first space-borne operational
instrument which is expected to meet the requirements of the World
Meteorological Organisation (i.e; temperature with an average error of 1K;
humidity with an average error of 10%; vertical resolution of 1km, at least in the
lower troposphere), for operational numerical weather prediction and climate
research.

For many years, the GEISA system, a spectroscopic line compilation (more
than 730,000 entries between 0 and 22,656 cm™1, corresponding to 40 molecules
and 86 isotopic species) and its associated software, have been widely used for
monitoring the forward atmospheric transfer modeling with the maximum
reliability, tractability, and efficiency. The GEISA/IASI project, issued from
GEISA and intended to produce the best possible Spectroscopic Database for
IASI, will be presented.

SESSION 8: 13:30-16:00
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EXTENDED LINE PARAMETERS OF AMMONIA
FROM 2200 TO 5300 cm-1

L. R. Brown, J. S. Margolis, J. A. Crisp, D. Crisp
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove
Drive, Pasadena, CA 91109, USA

I. Kleiner, G. Tarrago

Laboratoire de Physique Moleculaire Applications, CNRS, UniversitS Pierre et
Marie Curie, Bte 76, 4 Place Jussieu, 75252 Paris Cedex 05, France,

S. Urban and P. Pracna
Czech Academy of Sciences
Heyrovsky Institute
Prague, Czech Republic

Line parameters of ammonia from 2200 to 5300 cm~! been added to the
HITRAN database for the first time. The parameters for the 4 pm region are
calculated from results of Kleiner et al. (J. Mol. Spectrosc. 173, 120 (1995)) in
which both line positions and intensities were modeled for 3v5 and vy + v4. The
3um and 2.3 pm regions are calculations based on the analyses of line positions by
Guelachvili et al. (J. Mol. Spectrosc. 133, 345 (1989)) and Urban et al. (J. Mol.
Spectrosc. 133, 312 (1989)) with relative intensities normalized using limited data.
The 2um region is based on empirical measurements of positions, intensities and
lower state energies with known assignments matched to the observed features.

Research at the Jet Propulsion Laboratory, California Institute of Technology, is
performed under contract to the National Aeronautics and Space Administration.
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ANALYSIS OF THE FIRST [2vy, v{ and v3]
AND SECOND [3v9, v{ + v5 and v5 + v3] TRIADS OF H,S

L. R. Brown, J. A. Crisp, D. Crisp
Jet Propulsion Laboratory, California Institute of Technology
4800 Oak Grove Drive, Pasadena, CA 91109, USA

A. Perrin
Laboratoire de Physique Moléculaire Applications, CNRS, Université Pierre et
Marie Curie, Bte 76, 4 Place Jussieu, 75252 Paris Cedex 05, France

O. V. Naumenko, M. A. Smirnov, and L. N. Sinitsa
Institute of Atmospheric Optics, SB, Russian Academy of Science
634055 Tomsk, Russia

The two triad systems of hydrogen sulfide [2v5, V] and v3 near 4 um and
3vy, vi + v and vy + v3 near 2.7 um] were analyzed using fourteen spectra
recorded at 0.0056 and 0.011 cm™! resolution with the McMath Fourier transform
spectrometer located at Kitt Peak National Observatory. Experimental upper state
levels of H23ZS, H234S and H233S were obtained from assigned positions (as
high as J = 20 and K, = 15 for the main isotope). These were fitted to the A-
reduced Watson Hamiltonian to determine precise sets of rotational constants
through J10 and up to nine Fermi and Coriolis coupling parameters. Intensities of
the two H232$ triads were modeled with rms values of 2.5%, using the
transformed transition moment expansion with 19 terms for 558 intensities of the
first triad and 11 terms for the 526 intensities of the second triad. The
combination band strengths were found to be greater than the two fundamental
band strengths. The coefficients of the transformed moment expansion were
obtained, corresponding to band strengths in cm2/atm at 296 K of: 0.3312 for
2v9, 0.4519 for vq and 0.1197 for v3, 0.0303 for 3v5, 1.820 for v{+ v3 and 2.870
for vo + v3. In addition, the transitions of six hot band were identified. Finally, a
composite database of hydrogen sulfide line parameters was predicted for the 5 to
2.5 pm region; this catalog should be used in place of the calculation at 4 pm
appearing in the 1996 version of HITRAN.
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CHARACTERISTICS OF INFRARED DATA NEEDS FOR FUTURE
MARTIAN AND COMETARY OBSERVATIONS

C. Muller, D. Moreau
Belgian Institute for Space Aeronomy
Brussels, BELGIUM

A.V.Rodin
Space Research Institute
Moscow, RUSSIA

Since the 1986 encounter of comet Halley and the 1989 PHOBOS Martian
observations, the list of possible molecules in the atmospheres of Mars and
comets has been extended to the new observed molecules (formaldehyde and
methane) and still non observed chemically related constituents. The chemistry
involved differs essentially from terrestrial processes by the absence of rainout
and of U-V filtering and has commonalities with the earth photochemical smog
compositions.

The list of molecules will be presented together with a priority rating. Both
Mars and cometary research stress also the importance of spectra of condensed
phases and aerosols, as well as molecular complexes. A list of targets accessible
by existing or proposed instruments is shown together with simulations using the
1992 HITRAN database with Martian and cometary models.
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EXTRAPOLATION OF CARBON DIOXIDE LINE POSITIONS
" FOR HITEMP

Robert L. Hawkins, Laurence S. Rothman
Simulation Branch, Geophysics Directorate
PL/GPOS,

Hanscom AFB, MA 01731-3010

Richard B. Wattson
Stewart Radiance Laboratory
Utah State University
Bedford, MA

Simulation of carbon dioxide spectra at temperatures up to 1500K requires
higher vibrational levels, and line positions to much higher angular momentum
quantum number J, than have been observed. Direct Numerical Diagonalization
(DND)l allows extrapolation to such high vibrational levels and high J, but does
not reproduce observed lower-J line positions to within experimental accuracy.

For the HITEMP line parameter compilation, we chose to fit spectroscopic
constants G,,B,, D,, H,, L,, and P, to the observed line positions, and to high-J
DND-calculated line positions, simultaneously. This allows smooth extrapolation
while preserving a good fit to the observed positions. Examples of bands fitted in
this way, and the quality of fit to be expected in HITEMP, will be presented.

1. R.B. Wattson and L.S. Rothman, J. Mol. Spectrosc. 119, 83 (1986).

This work was supported by the Air Force Office of Scientific Research (AFOSR)
as part of PL/GP Task 2310Gl1.
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HITEMP VALIDATION AND ISSUES

J.E.A. Selby, Northrup-Grumman, Bethpage, NY
L.S. Rothman, AF Geophysics Directorate, Hanscom AFB, MA
R.B. Wattson, Utah State University, Bedford, MA
C. Camy-Peyret, J-M. Flaud, Université Pierre et Marie Curie, Paris, FRANCE
R.R. Gamache, University of Mass. Lowell, Lowell, MA
R.H. Tipping, University of Alabama, Tuscaloosa, AL
A.Goldman, University of Denver, Denver, CO

A description of a high-temperature molecular database and its development
will be given together with validation examples.

Currently the HITEMP database has focussed on the generation of
molecular line parameters for H,0, CO,, CO, and OH which are suitable for the
calculation of transmittance and radiance spectra by these molecules at elevated
temperatures (approaching 2000K) over the 2 to 20 micrometer region. (To date
the base temperature of the calculated HITEMP line strengths and positions has
been 1500K, but will be extended to 3000K in the future.)

The CO, and H,0O line parameters in HITEMP are based on the DND
approach, while those for CO and OH use the classical approach. Two earlier
versions of a high-temperature database assembled in 1992 and 1995 have
incorporated the other atmospheric species contained in HITRAN92 over the
restricted wavelength range (2 to 20 pm), in order to simulate the attenuation of
hot gaseous emission over atmospheric paths by correctly accounting for the
hot/cool line-correlation effects.

We have attempted to use laboratory hot cell and flame measurements to
validate the theoretically developed HITEMP line parameter database. Some of
the current problems and issues concerning the accuracy and limitations of the
HITEMP database will be discussed as well as suggestions for future
improvements.

SESSION 8: 13:30-16:00
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Cooling Rate Calculations for the Airborne
Southern Hemisphere Ozone Experiment
(ASHOE) using MODTRAN?3

- Szu-Chia Lee, H. .Revercomb, R. Knuteson, and W. Smith
Space Science and Engineering Center
University of Wisconsin-Madison
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6. Summary and Future Goals
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1. Motivation: Why do cooling rates for ASHOE?

» To understand how the ozone depleted air is transported to
populated regions outside the polar vortex.

- Vertical motions and transport of air around the South Pole
are related to atmospheric cooling rates.

- To validate cooling rates in dynamical models for the polar
vortex using observed data and more accurate radiative
transfer models.
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2. Method: How do we get cooling rates?
Monochromatic thermal radiation for clear sky at a given level

' = zenith direction cosine, ¢ = azimuthal angle
Upwelling flux
+ 2 7T
E=[7[ I(w)ududg

Downwelling flux

2 |
=T LG pdudg
Azimuthally integfated flux

+1
F=+2z [ I(u)udu
Three—pomt Gaussian Quadrature angles: 77.74°, 53.80°, 24.29°

Net flux
F =F —-F~
Monochromatic cooling rate
QO =AF,
In terms of potential temperature 'change in a layer
O / F F:/l 1
Ol C P-P_




3. MODTRAN3 vs. Other Models

* FASCODE (High Spectral Resolution but SLOW)
« MODTRAN3 (Low Spectral Resolution but FAST)

 Rapid Radiative Trarisfer Model (RRTM)
(Integrated and VERY FAST)
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Pressure (mb)

Cooling Rate Comparison with FLAT-garth
Approximation Using Same Pressure Level Boundaries
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Pressure (mb)

Cooling Rate Comparison between Two Mcdels

for ASHOE - 3/4 October 68S
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SenSITIVITY STy

Comparison of Water Vapor Profiles for |
ASHOE - 13 April 1994 68S
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